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Prirvary responsivility for Preject 1, Approach Rocds, Greeniand
1°5S P-o-ran, was zesirned to the Watemreys wperimert Station, Corps of
Enzineers, by the Chiaf of irngineers, U, 5. amy. In a letter czted 1€

arch 1955, the Wetervers Droerinent Station requested the LArctic Con-

struction end Frost Effects Zzboratory to essume the worl of plenning
an¢ concucting the investigetion, inclucing prepziration of 2 report,
The Arctic Construction e Frest Zffects Letoratory accested the worl:
in @ 1st Indorsemert Yo cbove lstier c2ied 21 lzrch 1655,

¥r. H, 7, Stevens, Head, Greenland Project Seciion,zACiLL was
designated as supervieor for the invastigetlion, orgenizec the project
during the plenning stages and acted s field advisor during the first
part of the fielcd work., Mr. /., Co Szymen end ixr, 2., A, Elac'zey of 4CFLL
alco acted as Tield advicors during later rortiors of the field activities,
Dr, Y, Fe Srace was Field Project Zngireer and directed 211 the field ac-
tivities, The investigation was uncer the cirection of Mr. Xenneth A,
Linell, Chief of the Arcitic Conmstruction anc Frost Zffects Laboratory
anc Mre Janes F, datsy, Assistant Chief of the Leatoratory, both of vhon
visited the project in the swmer and rece susgestions of both shert and
long range velue,

The Vateimreys itoeriiient Stetion reviewed end ennroved the plan
of test enc nrovicec support throushout the entire nroject, furnishine

~

personnel anc equirnient. WIS essi~ned ir. Jo Ao Sutherland as Assistant

fal

Piroject Lngineer, lir, W, C. Funt es Construction Coordinelor, and
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tfre Mo Do Deasley as test techricien, ilr. Inight and . Pule, Traffic-
ability Branch, /S, worked closely with ACFEL during the planning phase
and the start of the field work,

ire We Jo Turnbull, Chief, Scils Division, Waterways Zxperiment
Station, and Dr, M, Juul Hvorslev, also fram Waterweys Experiment Station,
inspected the field work in late July and early August respectively. The
consulting services of Professor . B, Woods, Head of School of Engineering,
Purdue University, were providecd by Waterways Experiment Station in August.
Very valuable comments and sugrestions were received frcm all these person-
nel,

The excellent cooperation received from Lt. Colonel Clarke, Com=
manding Officer, of the 1st Engineer Arctic Task Force, is greatly ap-
preciated. The sicill and effort of the men of The Task Force was basic
to the success of the construction phzses of the project.

This preliminary report has been prepared by Mr. He W, Stevens.
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PRCJECT 1, APPROACH ROADS
GRETVLAYD 1955 JROGRAM

J

PATT T .- INTTODUCTICN

1«01, Purpose, -~ The project is a continuation of work commenced
in Calendar Year 1955. The oversll objective’ie to investigzate and de-
velop methods, techniques arnd cesign criteria for constiruction and main-
tenance of gravel fill rcads on ice svrfaces, vith perticular reference
to surfaces of the glacier trpe a8 exemplifizd by the TUTO ramp on the
Greenlanc Ice Cap.;)Petailed Plan of Test for the Celendar Year 1955
progrem is attachec herewith es Appendix A to this report.

1,02, Scope. - This report is prelininary to = firal report to be
sutmittec at a jater date. The report swrarizes tiie work accomplished
and inecluces sorie textative general conclusions. 4 swmary of personnel,
materiars and equipment used in accamplishing the 1955 program is included
(Appencix B is e Cetailed list of test equipment.). 4 prograi for con-
tinuine the investigetions in 1956 is recormenced with cetz on organi-
zation ancd logsistics to e2id in plamning future wori, The progranm is in-
corporated in this report as Arpencix C,

The purpose ¢’ this »relininary renort is tc provice a basis
on whick planning for 1956 studies iray proceed in acvsnce of anelysis of
the data accuulated in 1955, Supnorting cata for the prelimirery cone

clusions given is, therefore, generally not presented,




TanT I1 « ORCGAIZATION

2<01, rerscnnel. - Table 1 of this report shows the orgenizetion
oi the personnel serticipating in Project 1, The civilien group arrived
at TUYO cemp 10 June 1555, The military group were assicred to the
Project and cormenced work on 23 June 1955, The three civilians listed
on the organizetion chart as techrnicel advisors were votated so that
only one wog in the field et a tines

2-02, Equinment end !laterdiels,

a. Construction Equipment. = The heavy eoastruction equipment

used on Project 1 was furnished fram equipment assigned to the lst Engi-
neer Arctic Tazk Iorce, or loaned from the Eastern Ocean District, Corps
of Ingineers, with a few items loered by the Transportation Corps., With
the exception noted, tre following equipment was assigned to the project

on 23 June 1957

- 3/ vd, truck-mountad shovel
- 3/i 7d, crawier-type shovel
- D=8, Bulldozer

- 2=1/2 ton Dump Trucks

- 10 yd, Heck Trucks

- Gracer

~ Jeep

- Rock Crushew, 25 :d.

#¥ 1 « D=7 Bulldozer

%¥* 3 - Scrapers

¥ 2 « Steel-vheel Rollers

H S N e

¥ This iter received late in season and opereied only 2-1/2 days
before breal:down,

% This equipment avellable, but unused because oi leck of opzrators,
uwausable condition or baceuse equipment wes unsuited to job.
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b, Construction Meteriels, « Little tc nc meterial ves

brought in for use in constructicu.

Local borrowr naterials wers ussd

alnost exclusivel’s Nour hundred feet of 3 ft. dianeter ANICO culvert

vere available but becense of a change in the Plan of Teste, only 87 fest

were used, A verr gnell quantity of lumber wes used in connection with

culvert construction.

c. Test Eouipment. - Annroxiretely 3275 lbs, of equipment wes

trensported by eir fram ACFEL end VS fcr use on the project., This

equipment mey be divided into the follwring categories:

(1)
(2)

(3)

(L)
(5)

(6)
(1)

A Jdetailed packing list of equipment provided by ACFEL and WES

is inclucded as Appencdix B to this rerort.

Soil Testing Equipment

Themocouples wita pipe, thermopanels and
housing baxes

Ice drilling equipment

Ecuisment for experiments with stean~thawing
White paint and spreading equipment for ex-
perinentation with white surfaces to prevent
thaw

Potertioneter anc theriios vottles
Iiscellenecue, including cereras, film,
refererce books, pever, pencils, etc,

%

On 21 June 1955, fire destroyed the Soils Leboratory hut in-

cluding 995 of the soils testing equipment furnished by WS, Although

WIS promptly proceeded with replacement of the iters, a period of 2-1/2
weeks ensued, curing which time no goils testing equipment wes available

except what coulc be selvaged or that others (specifically lire Arthur of

SIPRE Project 1€B) could loan,
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Scorie equipment wes supnlied Ly the 1st Engineer Arctic Task

Force ard incluced:

l « Tranel

1l « Zevel

1l - Level Rod

1 - Stadia Rod

1l - 100 ft, Steel tape

On several occasiors, a thecdolite was borrowed fron ily, Spencer
Teylor, SIF"Z Project 184, for use in connection with movement survays.

2-03. Vork Sutput of Construction Zquipmert. - Table 2 lists the

work accar.plished in the tims evailavle, and wita the equipment 2s listed
in Section 2~02a, A brealkcom of inerlace yardege versuJ time is provided,
together ith the percsntage of ceadline time anc¢ standby time,

It should be ncted tliat the efficiency of the construction
equipment res recduced beceuse of ths unusuelly rough anc heevy material
which it was callec upon to nove; the lisht 3/} yc. showsl, for example,
ves inedequete in the bomlcder Lorrow, as well es too small to service the
10 cu, vde trucks. Stockniling meterizl I{rom the surface 16" to 30" of
soil requirec en unvsuel bulluccer/shovel ratio, A1l the equipment except
the liack truckc was in poor reveir and well worn rhen assigned to the
project. Constant repeir work was necessary, which was hampered by a
shortage of spare partr. Onz2 Mack truck was deaclined until 1 August for
lack of tires, The resrlt was an incrscdinete amount of dead line tinme,
Othar conditions which affected the progress made by the equipment in-
cluded the length of haul, which increesed 2s the road lengthened, the
rether steep slope which the trucks hac to ascend to reach the end of the
roec, anc the efficiency ol tiie operators vho required sae tiie to bacone
nroficiernt in hendling the equipment in the unusual terrain and in the

rouria boulcer:” meterial.
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PALT III - BIVINCNMEITTAL COIDITIONS

3-01, Weather., =~ 4t the TUTO camp, 2 stetion for obtaining meteorce
logical dats was maintained with readings telen et ~hour intervels, Air
tamperatures, relative humicity, ciond cover, winc speed and direction
ancd beraietric pressures were recorded, Hyprothermographs recording air
temperatures anc¢ relative humicity were installed and meintained at a
station on the Ice Cap et epnroxinately one mile inlenc anc at a statien
at the intersection of the TUIC apnrosch roed with the "P" Itn. road.

The complete record of meteorological data accumleied will be included
in the final report, but in this prelimirery report oniy a brief swmery
of the general cheracteristics will be precented.

The nmost important cheracteristic of the weather, as it afe
fected the Project curing the swmer of 1955, vas the shift in time of
occurrence of the varm season over thet of the surmer of 195k, This
Year, cegree-cevs ol thaw, based on air tempzretures, started to ac~
cunulate by the first week in June anc¢ by the 22nd of June, which was
the start of above freezing air temperatures in 195L, over 70 cegree-
days of thew had eccumulsted., However, in 1955, thaw practicelly ceased
by the midcle of Aurust, wherees in 195L, high thewing tenperatures per-
sisted until the last weel: in ugust. Thuy, the thewinz seeson occurred
se"3ral weeks earlier in 1955 then in 195L, and the greatest concentrated
thew was in lete June ancd first of July, retiier than in late July and first
of August as in 1954, The total accumulated cegree~cders of thaw in 1955

were consicerably less than in 195L,
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Shile elr tepertiures aré useC e= a basis for the fcregoing
sw. exr of the seasoncl thew cencitions, solaer recdistion is at least as
importint as a2ir tenperature ir the effect unon surface thawing, However,
in this case, it is probable thet the inteneityr of solar redistion penerelly
follovied & patiern similar to the air temperature., The meteorological
racords show that, in 1955, there was a considerably higher percentage of
clear cdars during June and the first of July than in late July enc the
month of August when stowms and whiteouts were nrevelent., In 195L, clear
days were more rrevalent in lete July end August then in June.

Other meteorological cheracteristics remained similar to 1954
excent thet difficulty wath storms, high wind 2nd snow occurred in late
August this vear rather thar in eariy June as was the case in 195L.
Severe storns (resultinz in one case, in a lose of two working days)
occurred the last week of July and first week of August 1955, During
the seme period in 195L, a fer miror storms occurred but only one dey of
wvorl: vvas lost.

3=02, Surfece Conditions, = The chenge in the tisie of thaw de=

ecrivec¢ in paregraph 3-01 effectec the surface conditions vhich prevailed
during the vorlting sceason, ancd consequentl;” upset the planner schedule
of investigations end the construction prograr, Based on 195L surface
concitiong, it was plaurnsd that construction of gravel roads could not
be cormencad until the lest week in June because the frozen ground surface

would prevant borrow operatione., Actuslly thaw penetretion was 10 to 12
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inches by 10 June 1955 end much work cou’d hive been eccomplished in the
nronth of June, Plars end preparetion for such en early start of opsere~
tions not Leving been mede, ecventege coul? not be talen of this un-
expected condition. Storms, snow ard freeze-ur resulted in siopping
work earlier in August then ves the case in 19tl, the overall result
being a shorter ectuel worlring time then had been plenred., The arrly
thawring of tiie ground surfece also prevented stucy of thew phenomena in
the early stages, a2 stucy wiich wee consicered quite importent.

The earlv warm season irag reflected in the cevelopment of melt
vater flow and the snow melt on the ramp surface. The greatest activity
of melting snow and melt wvatsr flow occurred in lete June and the first
weeks of July., The subsequent eerly reduction of run-off, in nid-August,
shortened the period during which observations could be made of the ef-
fectiveness of test sections end culvert installations erected to in-

vestigete methods of controllins melt weter flow,
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PAET IV - SUIZIARY QF 1955 INVESTIGATIONS

L-01, Qeneral. - The investigetions as actually conducted, fol-
lowed closely the Plen of Tastr (See Appendix A) as revised in the eerly
part of the field season. As soon es possible aiter the start of field
operations, a reestimete of feasible investigations was mede in the light
of aveilable equirnment, weather and surface conditions.

L-02, Roed Construction.

a. PRecorstruction of 195l Roed., ~ Observation of the road

leading up the ice ramp an? constructed in 1954 showed that, after thew-
ing, the gravel fill contained soft spots, Treffic over these portions
of the road increased the softening end, as thaw progresse? and traffic
increased, lerge sections of tie upper portion of roed becane impassable
for even licht vehicles, Invectigetion showed thet tie type of material
used was lergely responsible for the condition. Repeir of the road was
not consicered feasible. However, the section of road could not be
abendoned because the Plan of Tests included the extension of the roead
to higher elevations. Accordingly, the first construction undertaken was
the rebuilding of sections of roec. The existing fill was bulldozed out
and replsced with two feet of boulder fill with 6 inches of random gravel
surface or a totel fill of 2-1/2 ft. A totel of 1600 ft, of road was so
recorstructed fran Stetion 31+00 to Station L7400 (Plate 1), During this
reconstruction, the invertigational pwrposes cf the project vere advanced
by the use of various types of surfacing material end by construction of

a section of rosc fram about Stztion 33+00 to Station 3L+00 with an 18

s
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to 20" £il11 of crushed rock. The materiel nushed out frem the old road
was used to canstruct blankets or berms besice the road to protect the
edjoining ice surfece from excessive melting., Some of the material was
used to ccistruct diversion dikes or wings for control cf melt weter
flow adjac:mt to the road. 4£s 2 result of the failure of sectione of
roed constructed in 195L, it is concluded that the materiel used as
principal f£ill for the road ust be highly permeable end that the silty
gravelly send availavle es surface borrow in the TUTO area is unsuitable
for this purpocs.

b, Trarsverse Road., - In accordance vith the Plan of Tests,

a section of traneverse road (so-called because the alignnent was trans-
verse to the direction of melt.water flow) was constructed. As shown on
Plate 1, the roa¢ w2s built commencing at Station 27416.5 on the main
roed and in the direction of the btase of the moraine formation north of
the ramp road, This elignment wes choser. because it wes originally
considered the road right be used for access to the site of the ice
tunneling project located in the ice cliff at the bese of the moresine,
&n early survey of the proposed road showed that the quantities of
borrow requirec and the bridge and culvert construction necessary were
so great as to require nors time, equipment and men power than could be
s1lotted to that phase of the project. !Moreover, the investigational
requirements of the Plan of Tests could be satisfiec by the construction
of 2 much shorter roesd, As shown on Plate 1, 2 section of road ap~

proximately 800 feet long was built. The cross section design was sinilar
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to that founc most effective in reconstructing the mein roed except thet
& deeper fill wes used, to elicw the installation of cross arainage
culverte. A 2-1/2 foot minimum boulcer £il) base waz used with 6-inch
surfece of random fine gravel. To conserve tine of conctruction, the
roedwey vee reduced in width fran 30 feet used on the mein road to 2L
feet, with eppraximately 1 on 1 slopes, Four culveris were instelled at
places where niajor melt water chanrels crossed the rcad aiigmment, Each
culvert was of 2 different type, in order to compare the effectiveness
of the sevaral pessibls desizne,

A ) on li slope ves constructed on the do'm slope side of ona
section of the trersverse road to investigete the advertege of such pro-
cecure in protecting the edjacent ice surface fram excessive melting

during the summer with consequent sloughine and sliding of the road

shoulders. As a result of observation of the functioning of the culverts,

it was deciced tuet the entreance and exite of the culverts would need
protection from undercutting by tihe melt water flow. Two culverts ters,
thersfore, providec with gravel berire, with the other two culverts left
unprotected to provide & besis for comnzrison,

On the basis of ovbservetions during the rhort secson of melting
which renained alter construction of the transverse rosc, it is concluded
that it is feasible to construct gravel fill roads trensverse to the
direction of flow. Additionel observations of the performence of the
road are neeced to determine the extert of maintenance and protection
required against the eroding effects of several sessons oi melt water

flOW‘
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ce Main Roed. - The mein road wes extended from Stetion
L7400 (end of road in 1954) to Stetion 96400, The basic cross section
vas fi:ed as a 30-ft, wicde roacway with 1 on 1 siopes, made up of 2 ft,
of boulder f£ill and § inches of random fine-grzined gravel surfacing,
vith & 6 to 8 inch crowm, However, at various locations elong the road,
test sections were constructec to investigete the effectiveness of warious
depths of fill and casbinations of materials. Fran Station L7400 to
50+50, 6 inches of crushed rocl: was used for surfacing over the 2 foot
boulder f£i13 in place of the usuzl 6 inches of rendom fine gravel. From
Stetion 58400 to Station 59+00, 18 to 2l inches of reandom fine gravel
wes pleced on 12 inches of boulder £ill, Between Station 59+00 and
Stetion 60+C0, one foot of crushec rock only wae used, Station 60+00
to Station 63+C0 received one foot of boulder £ill surfaced with one
foot of rendom fine gravel fill.

Between Station 76400 and Station 79+00, a tast lane, designated
as Test Lane /5, vas constructed similar to Test Lane #3 built in 1954
betveen Station 1C+00 anc Station 1,+00, (See Plate 1), Three 100-ft,
sections were built having 2-7t., 3-it., and L-ft. denths of boulder
£i11, respectively, eaclh section being surfacec with ! inches to 6 inches
of crushed rociie The test lene wes provided with thermocouple instal-
lations to 2llow the neasurenent of temperatuwres in the fill end in the
ice to 2 cepth of 15 ft., et the center of each section, Additioncl
themocouple installetions were nede at the toe of the slope on each
side of the center section, 2nd at 2 point 60 ft. from center line of

roed, Vertical spacing of thermocouvles was 12 inches. A reference

11
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plate wes nlocad on the ice surface bereath the certer of esch section
with 2 plzatic tube leading to the roac surface, to permit periodic
reacing of slevetions on the ice surface berneeth the fill,

The new road constructed in 1955 mace use of a hignly rerme-
2ble £111 (boulders or crushed rock) througkout the entire length and
congequently remained stable arn¢ trafficacle for the ramaincder of the
work season. The various test cections interspersed along the road
liliewise remainec statle, including the section heving only one foot of
crushed rock., However, thesz observetiors are not conclusive inesumch
&g the road hes not yret been subjected to the height of tae melt season.,

d. Evaluation o' Roads, ~ Olservations ané measuvrerments of

the nerformance and cepacity of the existing roads were méde throughout
the fielcd season.

With the excestion of the last 160C feet of the road on ice,
the roads constructed on the ground and on the ice in 195l were in good
condition et the start of the 1955 season and rearined satisfactory
through the work period. All roads were subjected to heavy traffic
from the construction equipment and from the operations of the Transpor-
tetion Corps in freighting sup~lies and equipment to the glec trains.

As describec in Sactior L=022., 1600 feet of the ramp roec on the ice

required rebuilding vhen it Lecame i1 pzssible to traffic, This section
of road vas originally constructec with e smaller cepth of fill end with
2 finer grained meterial than the renaincder., £ few soft snots developed
in other sections of the roac on the ice although not critical enough to

reouire rebuilding,

12




At representative locations on tie roads, on the ground ard
on the ice, California Bearing Ratio tests were conducted on the surface
and at several depths to 18 inches. Water content and density were
measured with the CBR tests. Representative sanples vwere bagged anc
shipped to the Hew England Division Laboratory for classification and
testing, Special study wes made of the characteristics of the soil in
the soft spots in the road, to aid in determining the cause.

1=03, Construction of Loading Pletforms. = The lst Engineer

Arctic Task Force wag assigned responsibility for the construction of a
loacing platform et the end of the road constructed in 195L. This
project was Project 2 of the 1955 Greenlend Program., It became ap~
parent in the early stages of the field season, that inasmuch as the

sere equipment and men were to be used for Project 2 as for Project 1,

it vould be more efficizant for the worls tc be carried on concurrently
with Project 1. Vork wes commenced following nlens furnished by the lst
Engineer Arctic Tesik Force., The platforms were to be constructed of
gravel i1l reteined by e bulkhead and were to consist of one 20 ft. by
75 ft. strip attached to the south shoulder uf the road and one platform
75 £t. square off the road, 25 feet fram the first platform, It was
decided to locate the pletforme between Stations L6+25 and L7400 of the
main road, The bulkheads were corstructed by setting posts approximately
l: inches by 5 inches an¢ 7 ft. long in holes drilled in the ice with a
6~inch ciameter power auger, Posts were set about 5 feet deen., Sections

of metal pierced plenk were neiled to the posts to complete the bulkhead.

13
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The strip edjecent to the road was backfilled with grevel when the road
ves rebuilt at thet location. The separete platfom: was never filled
with gravel because the extension of the mein road recuced the need for
the platform ard because it wes found that the melting of the ice surface
eround the bdulicheads was so great tiet the rosts were no longer secure,
end sane of them broka off fram the pressure cf the gravel fill., The
gravel tendec to spill out fram uncer the pierced planking as the opening
betreen it end the ice surface beceme lerger. Melt watzr flow undercut
and saturatec the grevel, When the need for the loeding platform vas
fourd no longer prescing, Iurther construction on this »latform was
abandoned, in accordance vith a cecision of the 1lst Engineer irctic Tasl
Force.

Lt Stetion 97400, the end of the road as extended in the 1955
season, a rravel nad wes constructed for use as a loeding platform, A
section 75 ft. square was built, centered on the end of the road, with
a 2 ft. depth of well-cammacted boulder £ill. Mo bullheads to retein
the fill were used, but since the shoulders of the compacted boulder f£ill
stood with fairly steen slopes, it wes considered that this pad would be
satisfectory for lozding from trucks or lowboys cirectly to sleds.

L-OL. Control of llelt Water Flow, - During the summer thawing

season, the ice surface upon which the gravel roads were to be con-
structed becomes eroded end channcled by runcff fran melting snow and

ices, The contrcl of this flow is necessary to maintain the stebility of
the rozds., ILxperiments to develop methods and techniques for such control

were concucted es an irporteant phase of Project 1l.
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a, Culwvertz, = FExcept for the excentionslly favoreble concis
tion of a roac which remeins at all times on a dreinage divide, any roed
conetructed within the marsinel area of the Greenland Ice Cap must be
expected tc have to crocs one or more of the melt water chanrels which
become eroded in the ice surface ancd which frequently contain fairly
large flows of water., As a start toward developing methods of coping
with thie situation, experimental types of culverts w:re installed in
the transverse road es follows:

(1) 36-inch ciemeter, Armco, round, metal culvert leid
directly on the ice end securec in place with hand~pleced boulders,

(2) 30-inch dianeter, 5S-gallon Cruns vith ends renoved,
velded together, The drums were bedded on ! inches tec 6 inches of hand-
placed boulders.

(3) A french crain type, constructed by hend placing
boulcers in & trench approximetely 2-1/2-feet wide.

{l) A& bridge-tyne culvert consisting of helf a 36-inch
dizmeter, Amico, metal culvert set on plenk footings, spanning the melt
vater channel in the ice,

Same measureiients of quantity end velocity of flow through the culverts
vere made anc otsservaigions of culvert performance were recordec through
the rather short paxt of the thaw season which remained after their

canpletion, Conclusive stetements as to performence will not be possible

until observations have been mace through a corplete thaw season, However,

it wes observed that the Armco, S5S5-gallon drum and french drain types of
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culvert became perched ebove the acioining ice surface as the flow of
melt vater and surface thawing lowered the level of the ice, Ey the
¢lose of the season, no vater was flowing through theee culverts., It
is possible they will not function next season, but it is also possible
they will serve a useful purpose in controlling the sarly runoff from
meiting deep snowe The flow through the bridge~type culvert continuved
throughout the sseson, as the flowing water cut its ovn channel in the
ice swface and, therefore, in the one season, this type of culvert ap-
peared to be the most feasible, However, there is & poscibility thet
the flowing water vwill eventually undercut the footings supporting the
helf Armco culvert.

b. Chennel Diversion. - A somewhat different problem in the

construction of roads in the marginel aree of the Ice Cap is the diversion
of flow away fra: the roac alignment, first to provide a "dry" ice surface
upon which to build the road (that is, one which is sssentislly free of
flewing weter) and second, to prevent washing away, undercutting, or
seturation of the f£ill after construction,

An effective technique used in the 195l construction was again
employed in 1955, It has been found that the melt water charnels can be
induced to form in positions where they will not affect the embankment.

A trench is plowed in the esired locetion while there is still substantial
depth of snow on the surface and before nelt water channels have become

strongly developed. At the lowest elevations this must be fairly early in
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the seascn, but at the higher elevations this procedure is effective
through the summer, Once the trench is formed, as by a bulldozer, it is
only necessary to divert into this shallow trench any streems of fleowing
water vhich it ie cesired to control, after which the flow tends to de-
velop a shallor chennel in the ice, The flow then will remain in the
channel at least the remeinder of that thawing season.

It was also found possible for e smell group of men to divert
streams, or control their direction, by simply chopping short connecting
channels or by deepening existing channels at the proper locations with
exes, ice chisels, etc. (where multiple chanrels exist)., A surprising
degree of control coulc be obtained in this mammer, especially in diverte
ing the larger streams i‘rom the toe of £ill1 or into culwvert entrances,

A most effective procedure for diverting flow channels from
the toe of £111, which could be used at any stage of thaw, was by the
corstruction of gravel cdikes or wings projecting appraximately 50 fest
from the shoulder of the road and aligmment sufficisntly dowm slope for
positive outward drainsge. These dikes collected the many smell streams
vhich tendec¢ to flow towards the roac and diverted them far enough away
from the road so that they had no detrimental effect, A number of these
dikes were constructed in 1955 at appropriate places along both the 195L
section of road and the newly constructed 1955 road, As soon as the dikes
were placed; thaw of the uncerlying ice was virtually helted, while the
adjacent ice continued to melt at a repid rate, Consequently, melt weter
flowing along the uphill slopes of these cikes was in & week or two ace

tually rumning in ccntact with en ice prism forming the base of the dike,
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ancd the werth portion was eleveted in a relatively high and ¢ry positior.
While the ultimate effectiveness of the dikes cannot be conclusively de-
temmined by the nbservations to date, which heve covered only a small

part of a single thew season, it is tentatively concluded thet the con=

struction of such ¢ikes should be standard procecure when building grevel

roacds parallel to the line of melt water flow, in zores subject to heavy

wrasns RPN

run-off,

Lb-05. Investipation end Control of Ice Surface Melt, -~ It was ob- !

served at the close nf the 195L inwvestigations that the ice surface ad-
Jjacent tu the grawvel roac melted to such an extent that the road became
perched on 2n ice ridge rith some danger to its ultimate satability because

of sloughinz off of the shoul“ers. In 1955, this effect became even more

pronounced, to the extent ti.at it wes concludec that the control of the
melting ice surface wes vital to the maintenance of the road, if it vas
desired to preserve it lor mcre than cne or two years. The Plan of Tests
for 1955 called for investigating methods of coping with this problem,
Therefore a number of test sections were constructed and studies and
measurements were made to investigate (a) the extent and rate of actual
ice melting, (b) factors influencing rate of melting, and {c) methods of
control.

a, Routina ielt Observations. =~ In order to measure the rate

and extent of melting of the ice surface under and adjocent to the road,

a progrem of routine measurements was carried out during the field season.
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Cross sections were taken periodically of represertative sections
of the road end ice surface. Sections vere teken at the start, middle end
close of the seagon excevt in cases vhere the road was newly constructed
and time c¢id not allcw more than two sets of sections,

A reference plate vwas placed in the center of each section of
Test Lane 3 vhen it vas constructed in 1954, 4n 2lunimm nlate was placed
on the ice surfece with a cap:ec plastic tube Is2cing fram the plate to
the surface of the road {ill. A steel rod may be insertec in the plastic
tube until it touches the aliminu plate, Levels may then be telen on
the end of the rod and the amcunt of ice thawing beneath the Jill de~
ternined, Levels were teken neriocically on these plates during the 1955
season,

Similar pletes were instelled in Test Lane 5 constructed in 1955,
Howeveyr, this test lane was constructed so late in the season that only
levels for reference in future vears could be taken,

b, Effect of Shoulder Trestment, - Fram observations made in

the 195, investigations, it was consicered that the ice surface adjacent
to the road might be protected by the construction of thin berms or
blenkets of graval extending ovtwarcd fram the toe of road for distances
of perhaps 25 to 50 feet, To determine the most effective cesign for
such berms, a number of test strips were constructed at various repre-
sentative locations and of various types and methods of construction.

A list and a brief description of these test sections follows:
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(1)

(2)

(3)

(L)

(5)

(6)

(1)

(8)

(9)

Sta. 22+00 to 22+50, s=outh side of mein road,
gravel berm, 1 ft. deep, 25 ft. wide,

Sta, 22+50 to 23+00, south side of main roac,
grevel berm, 1 ft, desp, 25 ft. wide. Painted
white 7 July 1955, Painted surface subsequently
destroyed by wash of melt water and displacement
of gravel surface,

Sta, 23+00 to 23450, south side of main roace
Cravel berm, 1 ft, deep, 25 ft. wice.

Sta, 23450 to Sta, 2):*00, south sice main road,
Lisd oravel slope.

Sta, 53+50 to Sta, 5L+00, both sides mein road,
Ls1 grevel slope.

Sta, 5L+00 to Sta, 55+00, both sides main rosd,
12-inch grevel berm, LO ft. wide,

Sta, 62+70 to 63+00, north sice main rocad, 3.inches
crushed rock bem, 20 ft. wice, peinted white,.

Sta, 63+00 to 63+L0, north side mein road, 6 inches
cruched rock berm, 20 ft, wide.

Sta, 63+40 to 63+60, north side main road, 6 inches
crushed rock berm, 20 ft, wide painted white,

(10) Sta. L+20 to 5+00, west side transverse roed,

Li:1 gravel slope.

At each of these test sections, refersnce points were marked

so that measurements could be macde of the changes in slevation of the

berm surfane and the ice surface, Cross sections were cbtained at time

of installation anc at least once nore depending upon the tine remaining

after construction.

Visual observations were also macde of their performance

for the remainder of the thaw season after their installation.
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ce Iffect of Dust end Soil Flnes on the Ice Surface. - It wes

observed that the melting ol the ice surface adjacent to the road wes more
intense than at & consicderable distance from the road, due to the dust and
other scil fines which were cpread over the surface. Cross sections of
the road were extenced to 500 feet on each side et three representative
locations, to ceterrine the variation in amount of melt with distance from
the road, lleasurerents vere mede of the dust ccncentration at various
distances from the rozd, on thece cross sections, anc sermles were cbtained
for testing in the labecratory for grain size and composition, and for
experin:nts to cetermine the efi‘ect of surface concentration of soil fines

on rete of melting vhen subjected to heeting by rediation.

4-03
, 4eff. Insrection of NUNA Road. - Eelicopter insnection of the Muna N\
See. Frao ,77 b~

Roa  vas mace by Mr. Linell on il Auzast. The entire length of the road :1/ Izb {
was flom twice at low altitude, and a number of stovs were made for - "‘ -
photographe anéd surface inspection., The road apseared in reasonably good )
shape except where it crossecd the wet bottams cf cdrainage mnegg‘i;néli‘bt,(: g
& few other points where szernage was emerging, Soft, wet spots irith
settlement were found where cuts had been made on north slopes. rermafrost
is evidently much closer to surface on north slopes,

It was concluced that the sere criteria applicable for con-
struction in the TUTO area also apply for the IUI'A Rozd area, Roeds

should be built entirely as fills, if nossible, and cuts shoulc be

avoided, particulerly on northerly siopes.
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L-C7. Thaw Tenetreiion end Scil Temperature Studies., - The devign

of roads or other facilities on permafrost involves the deterinetion of
derth of freezing cr thowing wkich will occur in the work area. Design
of grevel rocecs cn ice is a closely similar provlem. Therefore an im-
portant phase of Project 1 was the collection of cata on the dezth and
rate of freeze an¢ thaw, In addition tc aiding in the im.ediate investi-
gatien, the data a2ccumuleted will be of long range value in the cortiming
search for better cesign methods and procecures.

a, Thaw Penetration Measurements, = Continning and augmentin,
It 3 g

meesure.ents mace cduring thie 1951 investigetions, the depth of thaw was
measured by test nitting at least twice a veelr at seven locations repre-
senting ¢ifferent times of <round surface concitions. Three of the test
pit sites were the same as used in 195L, for comperison of the two scasons.

In addition to the measurements of thew penetration in the naturel swface,

measurements were obtained in the gravel road fills by means of the therrmo~

cou~les installed in 195, augmented by occesionzl direct measurement by
test pit. Soil cheracteristics meas'wed in conjunction with the record-
ing of thaw penetration incluced water content (determined periodically
to record the change with time), density and gradation,

Thaw peretrzticn for the season varied between 20 inches in an
area (Test Pit No, 5), which had been stripped for borrow in 195L, to 39
inches in a2n undisturbed, c¢ry nolrgon area (Test Pit Mo, 7)o Thaw pene-
tration procressed rapidly until eporoximately 10 July when penetration
slowed and in some cases ceased entirely. By 20 August, the surface had,
in meny vlaces, started to refreeze and freezing in some pits had occurred

from the bottam up.
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be Thermiocouple Instellaticas, = Tharee test lares were irstrue

mented with themocouples during the 1754 investiretion, shoim on Plate 1
2g Test Lanes 1, 3 and L,

In Test Lane 1, thermocoupies were inctalled at three sectione
heving 2 ft., 3 ft.,and L £t ¢2pths of fill respectively., Taermocourles
were installed at the center of tiz fill in each section end vere exhencded
five feet into the subgrace. Thermiocouple strinss were also installed to
S foot derths at the toe of fill on ezch: side of the 3 foot £i1l saction
and at a point about 80 feet from the roed in the undisturbed ground,

In Tect Lane 3, thermoccuples were installed in ths gravel fill
and ice subgracde in the center of each of the l: sections of the lane
(2 ft., 3 ft., L £t., and 5 ft. depths of fill), The thernoccuples ex-
tended 15 feet into the ice uncer the 2 ft., 3 ft., and L ft. £ill sec~
tions and to 30 feet under the 5 ft., fill sectione. An installation wes
nmade to a centh of 15 feet at the toe of fill on both sides of the center
of the 5 ft. £ill section end on the sere cross sectioral line an instal-
Jlation 30 feet deep "ras placed 70 feet off the shoulder of the road in the
undisturbed ice,

Test Lene L, also constructed in 1954, consisted cf a deep fill
(approximetely 10 ft.) on the sround. One thermocourle string was in~
stalled in the center ol the lane exttending two feet into the subgrade.

Test Lane 5 was constructed in 1955 and contains three sections
of 2 ft., 3 ft., and L ft, deoths of £ill, Themocounles were installed

in a patterr siiilar to Test Lane 1 with an instellation in the center of
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each section 2nd, at the 3 ft, fill section, one at the toe of fill on

IR e OB 150 il 4 0 M WAL W 16

each side of the section and one offset about 50 feet from the center-
1ine of road,
Temperutures were reed on a2ll thexriocounles installed in 195k,

on 31 larch, 26 April, snd 3, 11, end 18 May 1955 Cammencing on 16 Juns

1955, vhen the Prcject 1 versonnel took over the reacings fram the Eastern

Ocean District Personnel, reudings were obtained every three or four days

e . i S

until 20 August. Arrengements were made with the lst Engineer Arctic Tesk
Force to continue readings orce a week until 1 November 1955, Additional

readings will be teken during the winter when feasible, Cormencing 1 liarch

1956, readings will be taken every two weeks until other arrangements arv
made.

The themocounles in Test Lane 5 were not installed until the
middle of August 1955, so that reacings from thie group commenced 17
Auvgust 1955,

In general, the themocouple installations were found to be in
excellent condition after a year of operation, The installation in off-
get fron Test Lane 3 requirecd replecement, The melting of the ice surface
during the two summers exposed sbout 7 feet of the thermocowple string,
and during the winter a fox chewed the plastic tubing encasing the thermo-
couple wire, breaking several wires, Considerable time was also spent
in relocating the top thermocouple in each of the installations in the
gravel fill of the roads, as additional filling or gracing of the surface

hac changed the denth at which they had originally been set.

2L
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Thermocouple reacdings in Test Lene 1 (on ground) shotved that
thev penetration vas 30 to 32 inches in the center of the road regerdless
of denth of fill, Thus, in the 2 £+, Iill secticn, thew penetrated ep-
proxinetely 8 inches in the original subgrade but in the 3 ft. anc L ft,
£i11 sections, thaw never reeched the orizinal subrrede., In Test Lane L
{3eep £ill on the ground) thaw penetrated over 8 feet in the dry, coesrse,
bouldery £ill Hut left apprroximately 2 feet of fill still frozen, In
Test Lane 3 (on the ice), thew panetreticn veried with the depth of fill
from approximately 3-1/2 feet in the 5-1/2 foot {ill section te ap-
proxaniately 2.3 feet in the 2-1/2 ft. fiil section. Thus, approximately
2 feet of £ill reiained {rozen in the 5~1/2 ft., fill section end only ap~
praximately 0,2 ft. in the 2-1/2 ft, £ill section.

c. leasurerent of Air-Surface Lcat i:change, - Commoniy used

methode for arediciing deptis of thar and freeze in the ground use air
temperatures as the basis for computation, However, 2ir temperatures
measured above the surface (for example, 2t a height of 4-1/2 feet),
ciffer substantially froam tenperatures, perticularly in areas such as
TUTO, vhere the relative effect of solar racdistion is knoin to be ex-
trenely lerge. Vhile empiricelly-obteined correction factors have been
used to talre this c¢ifference into acccunt, this epproach is subject to
serious inaccuracies.

As a oreliminary step toward more exhaustive investigation of
this problem, special meesurements were mede of air temperatures and re=~

lated meteorclogicel characteristics in the zone of air immediately above
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the surfece of tie grevel roadc and of te:peratures in the top 2 feet of
the roadvay., Two leccations were instrumented; cne ir the 3 ft. fill
section of Test Lare 1 end one in the 5 ft. £il1l section of Test Lene 3.
In each czse the installation was pleced apuracimertely 3 feet in {rom
the edge of road shoulder, Therrocounles in redietion shislds were
fized at 6 in,, 1f in,, ond S5i ir., above the surface, Directly under
these themocouples, themicoupies were set et tie surface end at denths of
1/L in,, 3/h ine, 2-1/2 in., 6 in., 1 ft., 2 ft., and 3 ft, Temperatures
at preeater depths :rere available fram the reguler thermocouple instal-
lations in the center of the test section. One complete set of rescings
vas taken a2t each instelletion at least every two days with e few periods
when readin~s were taizen every tio hours for the greatesr pert of & aday.
Readir.gs at Test Lane 3 were made betireen 7 and 9 AJ'e and at Test Lzne 1
betveen § and 11 A.ll. VWith the temperatures, the velocity end direction
of vind were measured at several levels with a hand Lcld anemometer,
Humidity wes neasured with a psychrcreter and the cloud cover and time

of cder were recorded, I'rom time to time, changes were made in the instal=~
lations end in procedures as experience showed methods of improving the
original plens. Analysis of the results has not been made as _et, The
results are expected to be of substantial help in planning & comprehen~
sive study for 1956,

4-C8, lleasurerents of Efiect of Ice liovement, = In 195, in a
 J

SIRE project, measurenents were made of the movement of the ice on the

TUTC remp, It was renorted from this study that for approxinately the
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first 3000 feet from the edge of the glacier, the surface of the ice was
practically stagnant, The rection of ice beyond the first 3000 feet,
roved reletively fasty 2s nuch as 5 fto in the siumer sezson. The Liter-
section of these *iro sections is readily apparent on the ice surface in
the form of a zons of hurmocks anc shear plene lines, It wes anticipated
that thls ice :iovement mignt have some effect on the rcad, FKRowever, no
effects vere observed at the start of the 1955 sesson on the section of
road constructed in 1954, Although time, equipment, and personnel were
limited for work c: this phese, scme measurements were mede in 1955 of
the movement of the road for comparison with movenant of the ice, Ten
steel pins vere placed ir the road fill, The pins were appraximetely 18
inches long and were set with their tops 6 inches below the rosd surface
to prevent disturbence by traffic, 2ins were set at points along the
main roac below the hummock area snd through the humiock area with one
pin set at Station 6+50 of the transverse road. The main road pins were
set 5 July and the pin in the transverse rcad 27 July. The locations of
the pins were determined precisely by trianguletion from statiors on the
ground using a theodolite, The base line stations were the same as used
in 195L for the ice movement survey., The locations of the pins were re-
deternined b theodolite approximetely 1 August and again just prior to
the end of the field season. The Cistance between pins was carefully
taped 2t time of ezch tyiangulation survey.

Vorputations of the movements are not yet conplete, but tenta-

tive sample results are listed as follows:
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Perioc F July tircueh 3 Ausust

X P4
Feint 1 C.32 ft. 0.71 ft.
Peint 2 Ce27 fto 0.55 ft,
POiI‘.t ’.' 0.27 .ft. 1960 .ft.
Toint 20 0.19 T+, 0.63 4o

Teirts 1, 2 end 20 are below the hwmccky zone and Peint L is in that
zones The movement is predcminantly towerd the glacier edge and slightly
soathward, It is significant that differertiel movement exists as this
should tend to shorten sac.ions of tie road or change the aligmment,
Hovever, no effect on the roed surface vas detected curing the 1955 season.

L~09. Survev of Bosrow “eterials. - 4 survey of borrcw materials

in the irmediate area of the TUTO ramp was made in enticipation of ad-
ditionel work in tl:e area in future vears. Ths survey may also provide
valuavle inforration on netiods of locating borrow in other areas where
the terrain is similer, The reiation of the loca‘ion of suitable borrcow
materials to terrain characteristics vas studied, with the object of
improving methods of using eerial photo:sraphs to locate likely cources

of borrew materizls,




PART V - C0.CLUSIONS TROM 1955 STULT IS#

5-C1. The conclusions cresented hercin are tentative, based on
observations meace in the field with only such study of dala 25 could be
acccmnlished during the fielc secson,

a., It is feasitle to construct and mairtein energency military
gravel roacs on ice in the narginal area of the Greenland Ice Cap.¥¥% The
life expectency wvhich can be developed in such rocds without necessity for
reconstruction is net yet determined,

be Ixtension of the roac to higher elevations on the Ice Cap
slope is very important; since the feasibility of earth fill eonstruction
on the Ice Cap should not be judged solely by its performance at the
lowvest elevation, adjacent to TUTO, The optimum elevation for earth £ill
constrvction would eppear to be at or near thie firn line,

c. Dust is the major acverse factor in construction of roads
on ice because of its effect in causing accelerated thawing ol the surface,
perallel to the road, Successful control of cust would substantially
increase tine effectiveress of this type of construction,

de The nature of the borrow materiels available e2nd required
for roal construction on ice are sucih that the construction equipment must

be excentionally heavy and in good repair to be efficient.

# In gereral, conclusicus given in the present report are limited to
those vhich may be reasonably eccepted for plarnirgz purposes without
supoerting data,

e I is considered tha*t this conclusion would alco ap:zly to air sitrips
onstructed at locztions having sufficiently level terrain,
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6« Inzsinuch as the thaw season comenced eariier and ended
earlier ir 1955 than in 195!, requiring revision of the planned schedule
of investigations, it is concludsd that an extrenely fliexible progrem is
neces-ary to take full acventare of the working season, whensver it may
occur,

f. Observations lo date indicate that & hishly perviovs ma~-
terial siiould be used for tiie roacs on ice, In the TUTO area such a ma=-
terial is aveilable 2= randem borrov consisting »nrincinally of btoulders
and cskolas, Thicimess of road fill has been governed by the size of the
boulders available and by considerstions of snow depth snd drifting., 4
thiclmess of trwo feot has been found to fulfill all requirements but less
thicimess nay be found feesitle vhen the results of observations on test
gecticns constructed in 1955 are available, A thin layer of selected
surfacing material (not over 6 incles) over the coarser underlying fill
has been found cdesirable for & smoothr riding surface and to allow fine
grading to nrovide a crovme However, material high in clay, silt or fine
sanc sizes is urdesiraile because of the dust problen which results and
because of the possibility of reducing perrieability of the underlying
free-dreining materizl, Crusihed rock appears to be the most desirable
material for surfacing but experiments to evaluate the feasibility of
using the more easily obtained random silty, gravelly senc are not yet
caniplete,

ge Acdjacent to the final 3000 feet of road, the melting of the

ice surface has been so great that the road is perched high on an ice
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ridge and it is doubtful if the edges will renain steble through ore mcre
thaw season unless measures ere ta‘en to prevent additional melting at
the shoulderse.

h, Berme are effective in nreventing excescsive melting of the
ice surface adjacent to the rcad, Tie mozt efficient design will ve de-
ternmined siter effect of the test tem:s constructed in 1955 have been
cbserved thrcugh the 195£ se=ason,

i, It is feasille tc corstruct & ~revel rosd trersverse to the
direction of melt iater flow ancd te mairtain it in a stzble cordition

through at least one thaw seasoun.

s

o Observations over & brief thaw period, cf the performance
of the four types of culverts installed, indicate that an zrciied or
bridge type of culvert is most efficient, at least for one season.

ke llelt water channels may be incduced tc form in predeterriined
nositions or existing flow may be directed as desired, (1) by plowing
trenches in the snow, (2} by chopsing new channels vith axes and ice
chisels, (3) by ceerening existing channels selectivelir at proper lo-
cations, or (L) by the constructicn of earth training cikes.

1. Suitable borrow materials for a considerable ancunt of rozd
construction on the ice are availatble, but tiie haul distance rill become
increasingiy longer, es tile borrow imiediately sdjecert to the entrance
of the road onto the ice is nearly exhausted,

me In enticipation of the possibility that remps may be re-

quired elsewhere in Greenlanc, where thaw may be heavier and/or the surface
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rougher, cr that construction mey be necesserv cduring periods of the
Year vhen rctential borrow is solicly frozem, consideration should be
given to tie following nossibilities for situations vhere emergency
nilitery construction may be necessary:

(1) Pile-Supported Rcad Structure. = This could be a

siple bridge for crossing a stream or a trestle of some length, The
sheding effect of the floor structure could be used to control thawing

around the riles,

(2} Speciel Timpe Lencing [lat. - A linding met is visuele-

ized vhich vill tiew down at the same rate as the genersl surfaze, or

which can be moved readily to a new alignment every year or two.
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S5 VI = SRi40T OF 120 CITRTICE 1O 1906 Prochais:

6+01, It is reccmmended that the existing mein roacd be exterded
aporoximately 1-1/2 miles and a transfer point constructed just atove
the firn line,

6-02, It is recommended that the 1956 program include study of thez
possibility of constructing a small gravel airsirip in a sufficiently
level location near the firn line.

6-03, It is recom:ended that all Ifuture conctruction on ice surfaces
use only free-draining, coarse raterials for construction which will be
subject to traffiec of any i’nd, except in instences such as deep fills

not subject to throush seepage vhere material will be protectec frem ef-

fects of sumer thaw by a2 cover of the desired free-draining materials,
6-0lis It is recom-ercded that observeiions be continued through 1956
of the fcllowing studies:

. Ixisting experiments in verious metiods of shoulder trcatment.

be. Effectivenes- of training dikes.

ce Ixisiing Instrumented test fills.

de Effect of dust and methods of control.

es Periodic cross sectioning and movemert measurements,

1 f. Weather records at stations covering the construction areaa

| g« Records of nroduction retes and equipment performance,
6-05¢ It is recammended that a study be carried out to deternine

the proportions of thawing on the ramp cesused by cireet solar radiation

ard the proportions contributed fram other heat sources for purpose of

improving methods of thaw prediction,s It is recommendecd that 2 program

for such study be developed in close cooperstion with SIPil.

# OSee Appendix C for detailed preliminai~r recommendetions for nlen of
tests in 1956,
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6-C6., It is recunmendzd that no reliance be placed on aveilability
of equimient ron the Eastern Ocean Disirict in 1956 an¢ thal all possible
eteps be taken itc insure the ncesitive aveilability of sufficient equipment,

in 4-1 operating condition; an¢ of types suited to the lorel conditionse

i

6-07o It is recom.enced that existing roads te maintained in full
oseration by construction of berms, acdition of drains or such other {
measures 2S5 May Ge NeCesSarve

6-0Ce It is recom.erded that the existing transverse road be con- i
tirued tc the ice turrel, {(Zowever, sa:e study should be given to the
alt=rnate possibility of constructins an entirely ner direct road f:om
TUTQ) . "

6-09, If the existine treznsverse roed is continued to the ice tunnel,
it is recoumendec thet this road be wicered from 24 feet to 30 feet. |

6-10, It is recorriendec that the culvert and drainage experiments
startec in 1755 be con*inuec,

6-11, It is recommended that the experiments in use of steam thave
ing to artificially theaw notential borrow materizl, originelly planned
for 1955, be carried out in 1956, in order that basic information will
be availsble on feasibility of using this methed to make borrow ma-
terials awwilable cduring other than the summer thaw season,

612, It is recormended .hat scme congideration be given topu g
dotm one or more exnloreticns to 20 fect or more by means of core dri. _ing

or test pittins to cdeterrire the type of meterial available with depth,.
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6-13. It is recommended that at least one pile~supported tirber
bridgz of naminal span be included in the roac construction to the ice
tuanel, to retermrmine the feasihility of thie type of constructien.

6~1Lis It is recormended that an office study znd possibly a labora-
tory study be includec in the 1356 prorran to dete:n:ine the general feasi-

bility of a special landing mat for use on the ing ice surfaces. If

possitle, initial field experiments should be narformed,
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APPZTIL A
PLAN OF TESTS

Project 1, Approach Road
Engineer Activities in Oreenlend for Calender Yeer 1955

Revised June 1955

Introcuction

1, The Watertays Zxperiment Stetion, Corps of Zngineers, Vicksburg,
Mississipni, was assigned primary responsibility ior Froject 1, Approach
Roads of Ergineer Activities in Greenland for 1955. The Arctic Con-
struction anc Frost Effects Laboratory, ew Znglenc Division, Corps of
Engineers, Boston, i{ass., was requestec by Watervays Experiment Station
in a letter dated 18 Ilarch 1955 to assume the work of planning the tests,
conducting the field worl: end writing the report. The irctic Construction
and Frost Effects Laborastory accepted the work in a lst indorsement to

2bove lebtter dated 31 March 1955,

Objeciive of Project 1

2. The overall objective of Project 1 in 1955 is to detemmine the
feasitility of constructing gravel fill roads on ice and snow surfaces
encountered on the Greenlsnd Ice Cep, with the inwvestigations to be con-
ducted in the TUTO area near Thule 4B, The specific objectives of the
project are:

a. To continue the construction of the ice ramp road sterted
in 195L.
be To continue studies leeding to cesign criteria for the con-

struction of gravel fill roads on ice by neans of trial tests of road
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fills, verious troes of crainage installations enc various methccs of
retaining slone stability. =Records will be mace of pertinent soil, ice
and snow properties, the thew penetration, movement of roed fills, the
trefficability characteristics of roads and the meteorologicel charesc-
teristics of the vorling area.

Preliminary Survey

3. A prelininary survev and reconnaissance of the existing ap-
nroach road 17ill be made tiie first weelr in liay. Observations and rough
measurements of the snow cornditions end drfiting will be made., rhoto-
granhs of the most important features will be made.

Plan of Tests for Jelendar Yesr 1955

L. Ilew Constructior.

a. Extensicn of Ramp oace. To meet currernt operational re-

quiremeats of the TC Corps, U. S. Armry enc other interestec agencies,
as well as tc corntinue investigation of rocd construction on the ice,
the nresent LSCO feet of roec lescing up the Ice Cap from the edge of
ice will be extended as far &s ovossible in the time available, with the
equipment and personneir allotted to the project; estimeted to be ap=-
proxinztely 1-1/2 miles. The roac 'rill have a stendard cross section
with 30 ft. travelec va; and 2:1 slopes. Depth of fill will gensrelly
be 2 feet to 2-1/2 feet but nay be varied to suit surfzce concitions
encountered. The lover 1 to 1-1/2 feet of £ill will consist of coerse
gravel anc boulcars witin the top one foot of bank run ~ravel with z
maxinum size of epnroximately 3 inches, Drainzge facilities will be
nroviced when #nd if requirec.
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b Iesl Road Transverse to lielt Vater Ilou. An extperinentel

gsection of roac¢ will be constructed fra. the existing nein ramp road in

& northerly direction approinetely €00 ft. The roacd will be constructed
accorcing to the same general design as the main roed. DNepth of fill will
generally be 3 faet except as it mey be nzcessary to increase this depta
tv accommocdate swr-face concitions of suow cepths and melt w='_r flov,
Where melt water channeis cross the road, various types of drainege
structures will be installed for test purposes including Armco culverts
and inverted drairege t;T=s.

c. Test Lenes znc Special Test Sections. At least one instru-

mented test lane heving three sections with turee cesths of fill will be
constructed in the main roed. The test lane will be iocatec near the
firn line if the road is constiructed thet far. Instrumentation uf the
test lane or lanes will concist of thermocouple essenblies placed in the
£111 and in tae ice subgrade. Rafarence pletes for the measurement of
the anount of ice ielt under the {ill will be pleced in eech of the test
sections.

Severzl test sections will be constructed to investigate methods
of retaining slope stability erlarzsred bLY ezcess nelting of the ice
surface, These serticns will incluce one with a wlope of [:1, one with
a thin blaniet ol ~ravel at the toe of slope, cne with the slopes nzinted
white and one using snow nlacecd orn the slopes,.

5. Special Studies. A number of special studies will be concucted

lezding to the development of design criterie and improved technicues and
methods for constructien of ~ravel fill roacs on ice and snow surfaces.
The following specific studies will be uncertelken:

A3




e. cveluation of the existing roacds to cetermine the effective=~
ness of thz Cesign after subjection to one winter'!s snow cover end the
freezing and thewing of one conplete seeson, The movement cf the road
laterally, horizontelly ancd verticelly, will be determined oy periocic
cross sectiors, profiles anc locetion surveys. The besiing capacity of
the soil fille ancd the watzr contert end density will be determined at
interveie as tie thav -eretrztes the fill, Ubservations will be mace of
road behavior uncer treflic dwrinr the thaw season.

b. The control of melt water flow uill be studied by instelling
various types of cross-road dreinage structures in the trensverse road
section including Armco culverts and several tives requiring no special
materials but which might be useful eas fiell expedients, Experiments
will ve conducted with verious methods of diverting melt water flow and
the cutting of crainege citches in tae ice. Observetion will be made and
records iept of the quentity of melt water flow and the performance of
the various installations,

c. Durin~ the 195l melting season, an excessive amount of ice
relted in the areas zt, zird adjecert to, the toe of rozd slopes. Experi=~
ments 111l be concucted to develop methods of preventing excessive ice
nelting, Experimeatel test sections 1711l be constructed as describe¢ in
Lhc. Observation 11117 be race and reccrcs kent of the nerformance of the
test sections tiwrcu-isiout the sumer,

d, Stiiies of the rate end chzracteristics of thaw penetration

in the TUTO area camnerced inr 1950 il be continued. Arees will be
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selected st sa'e Cistarce iro the 1950 investigatec erea where thev
penetretion will be messured by means of test pits and vith correlating
measurements of soil properties. One location will be selected for
study in the area stripped in 1954. Thew penetratior will be mezsured
in the fills of the existing roac with special refererce to the test
lanes,

e. HMethods of obteining borrow meterials will be studied as
well as the charactzristics of aveilable meteriale,

f. A recornaissance anc brief stuc; of the iunz Ramp road
will be made tc cetermine if there mey bte recomiendations for the im=
provenent of the road,

6. Records end Date Accwiulation. To accanplish the purpose of

the project and to properly evaluate thz results of test installations,
tests of soil, snow anc ice properties will be conducted at periodic
intervals a2s necessary. Contimuous recerds will be kept by survey
methocs of roac movement and settlement es ivell as zs~built date for 211
installations, UWezther data will be recorced tiroushout the working
season and subsurface termperatures niessured by tihe themmocouple instel-
lationg made in 195k and the e2dcitional installations to be made in 1955,

2. Soil tests countenpliated will include the following:

(1) Vater content and density measurements in the un-

disturbed ground ir connaction with thai penetration measurerents., Tests

will be reguired on theved and frozen soils.
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(2) Vater contert anc density neasurements in the road
and test lene fills in connection with thaw penetration atudies and
bearing capecity evaluation,

(3) Ir-place CIR tests on road fills to determine bearing
capecity ve:sus scosonal caangzeg. Cone penetrometer tzsts will be con-
“nctec where applicabvle,

(4) Croin sizz snalycis insluding aycrearzter tests and
Atterberg lirits virer2 apriicebi. to aligs 1dentiilcation end classifica=
tica ef all tmpes ¢f =9il envountiered,

be Srov arcd ice teets uwill include CE., caipaction, density
anc grain size an® =i11 be ccucted &s necessary Lo racerd conditions
where construction iuvolves tiie use of these materials.

¢. Survey measuremants will generally consist of the following:

(1) Establisiment of tench marl:s, bese lines, stationing,
grade stakes, etc.,, ac necessary to maintein control of construction
operations and provide basis for as-built records of instellations,

(2) Periodic cross sections and profiles of roads and
test installations as necessary to record depths of snow, melting ol ice
surface, character ol roa¢ surface, etce, ard including levels on refer-
ence plates in test lanes,

d. Temperatures and other weather data will be regularly
reccrded thr:ighout the field season., Subsurface temperatures will be
mezsured by means of the theriiocouple installations made iﬁ 195, and any

installed in 1955. Air temperatures will be measured by three recording
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thermographs, ons located on the Ice Tap, one at TUTO canp and one at the
interseetion of "P" Iitn., roed and the TUTO enproach road, In cooperation
vith SIFTE, who will heve scveral varties locatec in the TUTO eres, meesure-
ments will be mace of wind-speed end ci.zction, relat.ve humidity ard air
terperature,

A renort summarizing the results of the fielcd work will be

prepered after completion of the field work in Gresnlenc.
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LPPEMDIX B

PACKING LIST

Froject 1, Greenland 1955 Program

ACFEL

Contents

Coring ..uger complete vith:

2 -

P R 1 N O R

cutting shoes w/leather covers
coring auger barrel

sanple remover tarrel

cap

¢rill rods, 3 ft.

drill rods, 2 ft.

ice chisel, to fit crill rode
ice spoon, to fit drill reds
brace, for ice coring auger
tee hardle

ice nick

sheatn, ice pick

screv (rivers, 1 large, 1 small

harrer, piton
socket tvrench hiendle with:
- 3/8% lone socket

- rule, metal, 6!

file, oval tapered

- offset screw driver

- wrerches, stilson, 10"
- pack frame

- canvas carrying case

RS e
)

on~coring luger with:

Auge
10 -

—

2
é
2
2

r
drill rcds, 3 ft,.
srab

LO¥plastic tubes, 3/L", with caps

- 5/€" short socket & universal swivel

We: tht  Cube
119 S
69 2

settlement plates with attached flanges

18" plastic tubes, 3/L" with caps
- 30" plastic tubes, 3/L" with caps

b=l
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ST T

o Al 4ot

Lt

N_Oo Iten
3 Bex

L Box

5 Bax

6 Bundle
(i Bundle
8 Box

Contents Weight

Power Auger with: 222
FMeCulloch motor
Spare perts
Chain Sew adapter
Chain Saw blece
Chein Saw

-~ Auger adapter

- "E" prod eir adspter

-~ Swivel hose connection

- 6" earth auger with cutting tlade,
depth of cut adjusting plates &
"E" yod adapter

2 = "E" rods, 18"

R

Therrccounle agsemblies in plastie
tubing 2L5
10 ea, - 15 ft.
)4 €8, - 30 ft.
6 ea, - for subsurface tenpera-
tures
100 ft. coil ~ thermocouple wire
1 roll plastic tape for splicing
1 Ezg pipe fittings for thermocouplss
i - reducing elbovws, 1-1/2" x 1%
2 - reducing elbows, 1-1/2" x 1-1/i"
6 - unions, 1-1/2"
5 - couplings, 1-1/2"
1 - coupling, 1"

Panel boxes w/box, panel & fittings 188
3 = 18 point
3 = 2l point

Pipe for thermocouple assemtlies 11hL
8 - 1-1/L" x 6 ft.

Pipe for thermocounle assemtlies 104

2 - Snow grain size cups 125
1 - magnifying glass
3 ~ snow density samplers
1 - pocket transit (Brunton compass
w/case)
1 - hand level
1l - 1line level

20




ios  lten Contents Weight Cube

S - diel thermometers !
1 - qt. themos bottle i
§ -~ field books

3eference ilamals znd Cammutation

neds
= 2luninun ¢lip boarcs
- Theymocouple Reading Forms
- Anenoreter w/cese
507t. metallic tepe w/case
-~ raciation shields
- stop watches
~ Carere (: edelist) vw/case
Lers cover
Catla relezcse
Accessory back
Filn peci: adadters
1 - Filter carrvins case with:

1 - X2 filter

O O N
'

n
]

-~ Sky filter
= R3¢ filter

- Lens hocd

- +2 Portrait lens

~ Luvather carr;“ng case
- Optipod Carere holcer
- Expocure meter
Iilz 2c followrs:

{ - 2-1/L"x 3-3/L" £ilm pecks, B & W
18 ~ 35mm lrodachrone

& - 3orm B0V i
9 ~ 620 cktechrome
20 - 520 E&W

bod ped pd pd e

9 o 1 « ‘zrrel pump for spray nainting LS 2
1 - “rece for non-coring auger
3 - nre. rutber gloves

10 Tox Cteer: Thaw Tquipment 295 5
30 - 3/."xb-1/2 ft. steel pipe

11 Dox 20 - 3/4"x3-1/2 ft. steel ripe 197 2
29 = 1-1/2"xL" nioples




12

15
16
17
18
19

Item

Dundle

Bundie
Dundle
3o
Box

Box

Oontents

1 = 1-1/2"xl" nipnle

S0 - 3/L" couplings

1 - 1-1/2"x3/L" recucing tees

3 = 1-1/2"x1-1/L" reducing 90° elbows
3 = 1-1/L"x3/4" rvducing bushings

3 = 26" lengthz of 1-1/2" explosion
nreof steem hose with fittings
attached each end

l: = 6ft, lergths of 1-1,2" explosion
proof csteam ross with fittings
ettoched each end

Seme #s btuncle No. 1L

Same £3 burdle oo, 14

9 g2ls,.mesonyy paint

12 g=2ls, mesonry paint

i gels. mesonry paint
25 ~ pounce masonry neint (powder)

B,

Welight Cube
oL 2
210 B
106 L
106 L
1C6 L
126 3
175 koS
109 L
2717 95




~ny

Box

box

02 WA R R R e b 1 et et b 4 RS RO CD

t 11

4t R 1500 N - N

1= =t S e}t

WES
Contents Veirht
Plate 10¢ surcharge 142
12" Extensions
L" Extensions

2-1/2" Zxtensions
Penetration piston
Piston Acapter
Jac!: and iHendle
Level, carmenter
Cen 0il for jeck
Trowel
Disl ctxtension clenp
Inife
Straight edge
1C" ZPipe wrench

M Pipe wrench
Open end wre~ches
Cans 2~in-1 o0il
Proving rings
Diels (extra)
Toilet tissue

Stales kilo 97
lielghts, 2-kilc
Veignts, 5-kilo
Veichts, 10-kilo
Weights, l-kilo

Jac!z hendles 197
I-Zeem, for nounting jack

Eeari, penetration

Loc:s (bearm to truck)

2(# surcharge weizhts

1G# surcharge weight

30" chisels

Drive head (for density cylinders)
Hycrometer

Sernd censity cylinder 85
Send cernsity plate

Spoons

Eanc¢ blover

Paint vrush

349
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TR T

- e

IS ST T

TCe
——
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Tten Contents Wai

1 « Spatula

1 - File

1 -~ Harmey machinist

1 - Battery filler

3 - Chisels

S = Fkxg. nculcing clay
20 - Cars (for linits)
1 - Box 5-H pencils

2 - Roils drafting tape
2 = Box Chine rexkirg nencils
3 ~ Box papver clips

3 - Cang 3-in-l o0il

6 ~ Rolls Scotch tepe
- 10C! tape
- Bottle ink
- Soep, hend
- 6! gteel tapes
= Box rubber btancs
- Wire cuttiers
- Screwlrivers
~ Remolding harmer
Pliers
€" crescent wrerch
- Fliers, sharp nose

Bex - Treck jacks 178
- Soep powder

- First Aid Nit

- Oven 13
- S-gal. cons
= l=g2l, can

o R NN b et b A R RO R
1

Bax (&) 1 - Scalss, and weights (50C grams) 207
(E) 2l = Moisture czrs

Wrenches (for renol<ing hermer)

Penetrometer w/iendla

Penetroreter cial (extra)

Hand level

Soan, hend

Books, Iield

Lemolcing form (5.5)

1/2" cone

PO =\ PO YN
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B-6

b

8.6
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Contents Weicht Cude

() conttd,
2 = 1" cones
Cone index foms
Tielc note forms, Small sheets
Heist Pensity Fomse,
1 - Pig. carbon paper

(C} 2 - Bottles ink (for Thermograph)
= Drive cvlincers

= Airfield penetrometer

= Qven thermometer

= 100 cc gracuates

- Thermometers (hyvdrometers)

- Stereoscope

- Box Keel

(D) 11 - Evaporator dishes
1 - Triple Beam scales
5CC cc Snow density cylinder
Voltage reruvlator
pkge. CEE fomms
Pencil sharperner
pkge Ecnd paner
Legal size pac's
Letter size pads
Soxes li-l pencils

]

Density date sheets
Grain size sheets
Moisture content forms
Atterberg limit forms
Senc density forms

3 Craph paper

alr Meil Envelopes

- Penetrometer staffs
Remolding handle

- Taboratory tongs
Carpenters hamrer
Clip voerds

File folders
Thermogreph charts

NW = =
§

cn
s

g

=
]

Sieve shaker 90 3.8
1 - Set Sieves (1-2/2%, 1%, 3/Ln,

1/2"." 3// It 1//!-3-"’ li’ 10, )-lo,

60, 100, 200)
1 ~ Zallon bucket

g T TR T YD
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E Eos Item Cantents Height Cube
3 = Thernogrephs

1 8 Dox 1 - Instrument Shelter 105 1540
11 box 1 ~ Instrment “elter 105 16.0

12 Pox 1 = Instrument Shelier 105 6.0

WS 1559 9046

WCFT o)
; ACFIL 27 _96.5

Total 3276 187.1
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APPETIX C

PRELINTARY RECQMEDATIONS FOR
TLAN OF TEST

Pacrc'r 1"’?"'&.:' _,:'Tc, "OAD 1956

1. OBJZCTIVE, - The over-all objective of Project 1 in 1956 will
be to continue the stndy of the feasibility of constructing gravel fill
rozds on ice and snow surfaces encountered on the Greenland Ice Cap,
with the investigations to be conducted in the area near TUTO, Thule Air
Force Bage, Greenland, The specific objectives of the project in the
swmer of 1956 will bes .-t

as To continue construction of roads started in 1954 and 1955,
be To continue investigations related to the road construc-
tion, leading to development of design and construction criteria,

2. PRELTNIARY SURVIYS AlD O3SERVATIO.S, = During the winter of

1955-1956, First Engineer Arctic Task Force personnel will read thermo-
couples installed in the summers of 1954 and 1955 st intervals as feasi-
ble, Commencing 1 ilarch 1956, the Task Torce will tske readings onze
every two tieeks until the swmer program is started approximately in
June,

A preliminary survey and reconnaissance of the condition of
the roads in the TUTO area will be made approximatelv the first week in
liay of 1956, Observations and rough mea. rements of the snow conditions
and drifting will be made and photogrzphs of the most important features
will be obtained.
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3¢ 1956 CONSTHUCTICN PROGRAM, « In plannirg a program of investi-

gations in the TUTG area for the sumer of 1956, two aspects have been
considered: (1) the maintenance, irprovement and preservation of existing
roads; and (2) new investigations and installations, including the cone
struction of new sections of road, In practically all cases, the activi-
ties to maintain mprove and preserve the existing roads and to build

new sections of road for investigational purposes will serve local
operaticnal needs in addition to Leing of resesrch value,

a. liaintenance, Improvement and Precervation of Existing

Roads. = From both the operational and investigational standpoints, the
measures proposed under thie heading are considered to be very important,
The present main ice ramp road is at present heavily depended upon to
provide access Yo the upper portion of the ramp for vehicles, The follow-
ing measures are recommendeds

(1) Stations 0+00 to 30+00, = This portion of the existe

ing road has gone through two thaw seasons and has been subjected to
summer thawing temperatures more intense than on any other part of the
road construction on ice, It is doubtful that the shoulders of this
road will remain stable through another thaw season, With modifications
to the design, however, it is considered the road may be maintained for
several years, It is recommended vhat the following alternative methods
be considered:

\2) Construct beriis of 50 ft, minimum width on each
side of the present road,

(v) Eulldoze aside bouldery fill of the present
road, using the material to construct verms of 50 ft, minimum width on
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ecach side of tiue centerline., Leave part of the existing material or
replace it with new material, stch that the centerline will have & re-
duced depth of fill, It is desirable that the rcad f£ill in this locaticn
remain elevated above the general level up t¢ as much as 5 tt, in order
to remain above the accunulated deep winter snow, ilow that an ice
pedestal has been formed along the centerline of the road through this
area, it is believed that a masdmum 111 of two J-et will now provide
this desired road elevation,
(e¢) Relocate the road, constructing a new road

complete with berms,

Pending further study, method (a) above is tentatively recome

mended,
(2) Statiens 30+00 to 76+00, = This section of road was

practically entirely recorstructed in 1955. iesults from installation
of treining dikes 2nd berms for experimental purposes in this section

in 1955 were sufficiently favorable so that it is recommended that this
entire section of road be furnisied with berms and melt water control
dikes, exact location and design to be determined after study of the
observations mace in 1955, and in the field during construction, It is
tentatively recormended that berms be installed to a width of approxi-
mately 50 feet, and that training dikes be extended some distance beyond
in order to assure that no heavy melt water streams would develop in the
vicinity of the rocad,

(3) Stations 76+00 to 98+00, = This section of road is

not subjected tc as intense tiawing conditions as the lower section of

the road and tie need for protection against excessive thawing is not
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as critical, A few <dikes for diversion of surface flow were constructed
in 1955, and it is recommended that the development of melt be observed
closely in the next year to determine tne performance of the exdisting
d.': * and the possible need for dikes and verms,

(L) Transverse Foad, Stations 0+00 to 8+00. = Tanis road

should be widened from the present 2l foot width to 30 feet, if it is
to be used for other than experimental purposes; that is, as an access
road to the ice tunnel, Fifty foot wide berms should be acdded on the
shoulders., The existing culverts will probably no longer function be-
cause of their perched position and should reguire no attention or con-
structiovn,

b. Hew Construction,

(1) Materialis, = It is recumended that new construction
use only coarse free-draining materials,

(2) Extension of the iiain Rcad, - The existing road as

completed in 1955 has reached an elevation on the ice ramp at which the
melting of the ice surface during the surmer is distinctly less than at
the lower enc of the road, However, the road has still not reached the
zone on the Ice Cap where the net yearly accumulation of ize or sncux
begins to become appreciable., It iz presently consicered that the opw
timum location for construction of gravel fill roads on ice and snoy
is near the firn line where the road will not become progressively
buried under anrual accunulations, yet the thawing of the ice adjacent
to the rozd will ve a minimum,

Accordingly, it is recormended that the main road obe extended

a distsnce of approxirmately l-1/2 miles or to just above the firn line
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and 2 log? *ranafer area be construcied at the terminus, The necessity
for protective berms and lateral dikes may not be present at the higher
elevations, but this can only be determined in the field from observation
of road performance during the thaw seasen. The design of the road
should follow that used in 1955 unless it should be found necessary to
modify it during the work season, as ths results of observations on test
sections built in 1955 becore available, The road should have a stand-
ard cross section with 30 feet travelled way. The £111, exclusive of
berms, should be approximately 2 fee} but may be varied to suit surface
conditions encountereds The lower 1-1/2 feet of fill should consist of
coarse, free~draining, cravelly or bouldery material with a top dressing
of a few inches of crusher run fine gravel or similar free-draining ma-
terial. Drainage facilities should be provided if required.

Cne additional experimental test section, using about three
£ill thicknesses appropriate to the climatic conditions, should be in=
cluded near the end of the eitended road, in ordex to cover un additional
thaw conditicn,

In corstruction to date, it has been the practice to bulldoezo
asicde the snow overlying the hard ice gpace before placing the gravel
fill. It is recormended that in 1956 the fiil be placed dirsctly on
the existing snow surface without removal, where the snow depth does not
exceed about 2 feet, This will save the substantial effort reg-ired for
bulldozing this srow asideyand it will also improve the drainage situae-
tion by elinminating the larse banks of snow which affect the loecal
drainafe near the road during tlhe thawing season, It is also possible

that at the hizher elevatious tlese bulldozed banks of snow may not melt
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campletely during the thawing season, in which case they may induce an
undesirable snow drifting sitvation during the wintex,

It is recormended that at the start of the construction season
a few experimental secticna be constructed parallel to the road using
various thicknesses of fill, such as 6 inches, 12 inches and 1€ inches
for short sections in order to deternivie the minimum thiclness of fill
vwidch can be effectively rlaced over tie existing essentially dry snow
cover, It is recommended that tiiese experimental sections be trafficked
to determine the rinimum thicimess of such £ill capable of carrying
military traffic trucks, These experiments will provide information
of value in case it is rnecessary to construct gravel roads over snow
surfaces under enmergency winter conditions,

It is recormended that field reconnzissance be rade in 1956
tc determine a suitable location where the main road nay ve widened
sufficientl; for construction of an experimental smell air strip or
where a separate gravel air strip can bte built, A recommendation
should be made at the end of the 1956 season as to whether or not sach
an air strip should be built and as to its specific location.

(3) Road to Ice Tunnel, - It is considered that the most

feasible method of gaining satisfactory access to tie ice tunnel is by
construction of a gravel rcad, either by extension of the experimental
transverse road constructed in 1955 or bty construction of an entirely
new road on a more direct aliznment from the TUTC camp area, It is

recormenced that choice between these two possibilities be made during

the winter of 1955~1955 based on study of various possible alignmerntse
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\hile considerable quantities of material, man~hours and
equipment hours are involved, it is considered that valuable experience
would be gained in the construction of roads across a rougher terrain
than has been encounterad on tne main ramp., The design of such a road
should be sirmilar to that used in the 1955 construction season with a
highly permeeble boulder base, Deptih of fill should be generally 2 feet,
except as it may be necessary to inerease this depth to accormodate sur-
face conditions of snow depth, melt water flow or grade, Uhere melt
water channels cross the road, various types of drainage structures
should be instalied for test purposes; however, it is recoarmended that
the basic tpe of culvert for smaller streams on ice should be a semi-
circular Armco section, without bottam,

It is recommenced that at least one short pile~supported
bridge be constructed across one of the deeper tiew chaunnels, with the
floor structure desigrned to srtiade tie piles from the sun so fer zs
possible,

Careful planning of this road will bs needed to insure a
feasitle design across sloping ice surfaces, large drainage streams
and noraine formations, Careful plarning will also be needed for
bridges, culverts, etc., ir order to inswe that required materials and
equipment will be availzble,

c. Further Test Sections and Field Experiments., = lihen the

results of the 1955 tesis are analyzed, and as observations are being
made in the 1956 season of tne performance of the test sections, new
metheds will undoubtedly suggest themselves, Additional test sections

to investizate these approaches should be constructed, However, approval
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of any substantial field changes in the Plan of Test should be obteined
before work is initiated,
Lo TRME-QUANTITI=~ESTIMATES FOR PROPOSED 1956 PROGIAM, = A rough

estimate of quantities and time involved in the proposed 19545 program
has been prepared as shown below, The time figures are based on progress
in the 1955 season and are representative of time required using equip-

ment equal to taat available in 1955, Allowance hss been made for such

facters as increased length of naul, and construction cf culverts,
bridges, etc, lo allowance has been made for the time or extra material
involved in the consiruction of test sections, as it has beer. found that
a limited amount of this type of work can te accomplished without appre-
ciably interfering with the over-all construction progress,

Iten Yardage Time

Construction of 50! berms on both

gides of the road Sta, 0+00 to 30+00 10,000 cue ydse. 32 ghifts

Construction of a 50! berm on both

sides of the road 30+00 to 76+00 8,500 cu, ydse 28 shifts

Widen the present transverse road to

30! 55300 cu, yds. 17 shifts

Extension of main road to 185+00 25,770 cu. yds. 83 shifts

Extension of transverse road to ice

tunnel (approx. 3,000!) 8,300 cu, ydse 27 shifts
TOTALS 57,870 cu. ydse 187 shifts

It may be noted that the completion of the entire program
would require approximately 94 working days, Considering that one day
a week is required for rest for the equipment operators and for mainte-
nance of equipment, the working season is not usually 1 g enough to
rrovide this number of working dajse
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5. EQUIRE!T RZIVIRED TG CCHPLETL EvTIRE PRCPOSED 1956 PROGRAM, =

The program recormended for 1956 requires the handling of more than
twice the yardage moved in 1955. Unless considerable additional ecuip-
ment and man-hours are available, beyond those provided in 1955, the
entire program cannot be campleted,

It is obvious, therefore, that for the 1956 program either
additional ecuipment must be provided ar the construction program must
be reduced to a reasonsble amount, tased on the equipment available at
the close of tae 1555 season, In 1955 some of the more critical pieces
of equipment were obtzined on loan from other organizations, an unsatis-
factory situation due to the uncertainty of obtaining the items until
actually in the field, These organizationa cannot generally comit
their equipment until they are assured that they will not require it
themselves, 4t the close of the 1955 season, the First Engineer Arctic
Task Torce received an assignment of equipment which will ma%e it pos~
sible to have on hand equipment at least equal to that of 1955, with
the exception of one or two items (for example, a grader) without
borrowing, Houever, unless additional equipment was received after the
Project 1 personrel had returned to the U,5,A., the total equipment
needed for the completion of the emtire proposed 1556 program is not
presently on hand in T(TO,

The followinz table lists the eguipment needed to accamplish
tne entire rroposed program with the eicepiion of test equipment. It
is estimated tliat the nurber of shif*s required ‘o accomplish each phase
as listed above could be reduced by one~half if the following equipment

were available, complete with necessary cperating personnel:
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Heavy Equipment Rfequired for Project 1
1956 Program at TUTC Greenland

2 Shovels, 1s1/2 cr 2 yd. capacity, crawler type
7 D=8 Rulldozers, inclucing 2 with angle blade
10 € to 10 yd, capacity iiack or Euclid Trucks

2 Craders, 12! blade

1 Rock crusher, 50 yd, capacity, with secondary crushing unit s.:.,

and screens

1 Lowboy trailer for hauling equipment .roui: job sites

1 Vater Truck for sprinkling road

1 Wobble wheel roller, with rubber-tired prime nover

3 Jeeps

1 3/u~ton, personnel carrier

1 2~1/2 ton truck for use as lubricant truck and general
servicing

1 Wagon crill

1 Loading unit for rock crusher: 3/ yde shovel ar D8
front end loadar

1 D=6 front end loader for handling crushed rock stockpiles

1 Compressor with jackhammer and assorted tools

4 Cleaver - Brooks, 3 car, Tank car Heater for steam thawing

From the construction standpoint, the most important items listed, which
are in addition to the equipment used in 195‘5, are the large shovels and
the nuwber of large trucks, The addition of a single 1«1/2 or 2 yard
shoval would increase procductior over that of 1955 by a considerable
amount,

6. SCUEDULE CF CCSTRUCTICH 10RK. = The various phases of the

censtruction program require careful timing in relation to the progression
of the thaw season, Exact dates cannot be established because of the
variation in climate from year to year and in this respect the scheduling
muet allow a flexibility of as much as 2 to 3 weekss On the other hand,

a greater efficiency is obtained if the timing of the various types of
construction is coordinated with such factors as depth of snow and

derelopment of melt water runoff,
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a, Construction of Berms on Existing Koad, ~ In the winter

the snow drifts level with the road surface, In the lower portion o
the rcad, this results in snow depths of L to 8 feet, Vhen thaw becomes

intense, deep slush resulis for a time at the toe of the rump. There~

fore, construction of 50 ft. burms in thie part of the road must await
the melting of snow down to a depth of a foot or so, when it will be
feasible to overate equipment on the ice and place gravel., Somewhat
higher on the rocad, the maximum snow depths will be only of the order

of 2 to 3 feet and less some distance fram the road, so that construction
can start earlier than in the lower section of road, Unequal settlement
may require trimming of the berm sloree later in the season to insure
proper crainage,

te Road to Ice Tunnel, = The construction of the road to the

ice tunnel would be simplified if start of work could be delayed until
after the melt water channels become well defined and the deep snow in
the large channels has melted, However, the time required to build this
road will ve so lorg taat it may not be practical to wait until the

thaw has progressed as far as desired, Further, it will be possible to
locate the positions of the principal thaw channels even in deep snow,
using survey data campiled in 1955, It is therefore recommended that
construction be carried on without waiting, placing fill directly on
the snow, except where removal down to ice may be more practicals

¢. Extension of Main Road, -~ The construction of the exten-

sion of the main road would be the most feasible phase of construction
to carry on in the early part of the season, The winter snow cover at

the hizher altituce on the ice ramp does not ordinarily occur over two
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feet deep and is usvally less, 1t is believed practical to place the
road £i11 directly on this thiciness of snow. As a less desirable
alternative, this amount of enow can be ploved aside without ico much
difficuliy,

d, Construction of Test Sections, = Test installations cone

structed to investigate methods of controlling melt water flow or of
preventing ice surfacz melt should ve built as soon as possible, in the
season, to allow observance of their performance through as long a pore
tion of the thaw season as possibles

7o SCOIL TZSTS, ~ Tests of scil properties should be carried out
at periodic intervals as necessary including the followings

a. Uater content and density measurenents should be made in
the undisturbea ground in connection with thaw penetration measurements,
Testo should be made on both thaired and frozen soils,

b, Water content aid density measurements should be made in
the road and test lane £ills in connection with thaw penetration studies
and with bearing capecity (C3BR) evaluations versus seasonal changes,
Cone venetrometer tests should be conducted where applicable,

co Identification and classificatiocn tests should be performed
on all types of soils encountered, as applicable, including sieve,
hydrometer and Atterberg limit tests.

8. SIIW A'D ICE TESTS. = In connection with placement of gravel

fill directly on snow surfaces, tests should be performed to record the
properties of the supporting material, iaclucing C3R, cone penetrometer,
density and grain size, These should cover ithe properties of the un-

disturbed snow and of the material with time after disturbancea.
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9¢ SURVEY IIZASUREIT!NTS, = Swrvey activities should consist of

the follawing:
a, Bench marks, base lines, etc, must be established as

necessary to maintain control of construction orerations and to pro-

vide basis for as-built recards of installatiocn,

be Periodic cross sections and profiles of roads and test
installations should be obtained am necessary to record depths of snow,
nelting of ice surface, character of road surface, etcs,y including
levels on reference plates set at base of gravel fill in iest lanes,

Co It is essential to imow what road movements are taking
place due to movenent or flow of the underlying ice in order that ac-
curate conclusions may be drawn as to the efrects of vsrious thicknesses
cf road fill on ice melt by comparison of annual changes in elevation
on selected cross sections, That is, if a ziven embankment staticn
moves downslope several feet in a year, there will be a general change
in elevation of the crcss section, which rmst be distinguished from
that caused by ablation of the surface in that section. The occurrence
of lateral novements of the road should also be kriown, Vhile some prog-
ress has been made in 1955 towards obtaining these neasurements, it has
been found that an adequate investigation requires more equipment, man~
power and organization than has yet been applied. The follawing require~
ments are conteinplated: '

(1) The assignment of a separate and fully equipped
survey party to the task,
(2) The establishment of stable, permanent triangulation

stations and bench rarks from which elevations and base lines can be
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obtained from year to year without introducing unknown errors due to
movement of the referencs points or stations,

10, TE}:PERATURES AYD ALLIED DATA, - Temperature and other weather

data should be recorded regularly throughout the field season, Air
temperatvres should be measwred by several recording therrographs, one
located at tle intersection of "P" ilountain Road and the TUTO Approach
Road, one at TUTO camp, and two or rore located on tke Ice Caps In co=
operation witih SIPRE, which is expected to have several parties located
in the TUTQ area, measurements should be made of w.nd speed and direction,
relative humidity, baroretric preesure and air temperature,

Ground surface and subsurface temperatures should continue to
be measured at the thernocouple installations made in 1954 and 1955,

It hae been krown for some years that predictions of summer
thaw penetrztion in earth fills and under pavements in far northern
latitudes, such as the Thule Air Force Base area, may be in error as
mich as two to tlree hundred percent if computations are based solely
on air temperatures, Agaln, thaw is observed to start in the spring as
much as a fulli month before the averaze €ally air temperature rises to
32%F, The principal cause cf this discrepancy is that current nethods
of predicting freeze and thaw do not take the radiation factor into
accomnt, In very high latitudes swmer solar radiation has an extremely
important effect on depth of thaw penetration, Some measwrencnis of tae
contribution of solar radiation in the TUTO area vere made by Dr. Schytt
and his group in 1954, in a SIFRE study. However, no instrurents were
available for such measurements in 1955 and no radiation data were obtained,

Since it is very important to be able to make reasonzbly accurate
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predictions of sumrer thaw penetra{tim in connection with construction
in these far nerthern areas, it is recommended that a corplete study of
all the factors contributing to the freeze-thaw balence be initiated in
the TUTOQ area during 1556, Data should be obtained from both land and
ide areas. It is recormended that tais progran be developed in close
cooperation witia SIPRE,

11. HMEASUPEEITS OF Tia PEIDTRATICH. - The studies of the actual

rates and characteristics ¢f thaw penetration in various active zone
materials in the TUTO area cammenced in 1954 should be continued to the
extent indicated by analysis of the 1954 and 1955 results. While the
principle measure of thaw penetrations will be suvbsurface thermocouple
readings, occasional test pits and probings are required to confirm and
extend these measurements,

12¢ DRATIVASE STUDY DATA, = Lffectiveness of culverts, training

dikes and bridges should be recorded.

Data should be recorded on widths, cepths and slopes of
prirciple streans and velocities and quantities of flow,

Recorcds should te kept ol rates of erosicn resulting from
strean flow, These should include rlotographs.

13. EFFECT (F DUST, = fnalyses of the effect of dust cn the ice

surface started in 1956 should be continued., Listribution of dust with
distance from road centerline should be recorded, Correla*ion of dust
concentration witly observed thaw degradation should be attempted.

e RULD PERFCRi‘4iiCE CESTRVATICI'S. - (bservations of the traffic

and general perforriance of all roads and test fills in the TUTO area

should be continued in 1956.
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In 1955 one helicopter reconnaisssnce of the NUNA Road was
mede, In 1956 surveys of the local roads should again be made, ine
cluding not anly the NUIA road but also rcads near Thule Air Force Base,
These surveys should be made relatively early in the season, before ap=
preciable surmer mzintenance can be aecomplished and while roads are in
poorest conditicn becauvse of relatively challow cepth of tiaw,

15, LVESTIGATICY CF @ AILA3ILICY CF ZOR..07 D TIRZLIS, - Results

of thie phase of the irnvestigations zre corsizered to have a oroader
applicaticn than simply the procurement cf materials for the construction
of the ramp roads at TUIQ, Conditions may arise in which construction
must b2 carried out during seasons when bvorrow sources are completely

frozen, or in which borrow sources are limited in area and it is neces-

sary to consider excavaticn to substantial cepth in permafrost. It is
therefore recommended that the 1956 prozran corsider inclusion of the
3 followring investigations:

a. Core Borings, = If a situation should arise in which it

o S

is desired to censider e:x:cavation with depth in a potential borrow
gource, it would be essential to determine by some type of exploration
the type of soil present with cdepthe In soils containing gravel, cobbles
[ and boulders, sucn as in the TUTO area, this is Giflicult if exploration
is required beyond a depth of about 10 feet in which range pits may be
excavated fairly readily by blasting and bulldeczing, It is therefore
suggested that consideration ve given to putting down one or rorz core
borings to 20 feet or more with the objectives: (1) of determining most
suitable methods of making such borings in coacse-grained soil deposits

b containing ice, or in soil "oundations containing ice, {2) of determining
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what conditicns would be enrountered if the local TUTO borr # areas
wers to be warked with depth, (3) of providing correletion data far
steam thewing experirents, and (L) of providing information of value in
deterrining the local geological history,

The key requirement of such exploratians would be the recovery
of cares in which the ice lenses are sufficiently intact to give an
accurate evaluation of the amount of settlement end amount of water re-
lease which wculd occur on thawing, A requiremernt which is almost as
important is that the drilling equipment be as ligitweight and partable
as possible in order that it will be possible to fly such equipment in
to remote sites, However, tne first of these requirements is the one
of irmediste concern,

b, Test Pit. - If a core boring studr as recor:enced sbove
is not included in the 1955 program it is recommended that at least one
test pit be excavated to about 20 feet in conjunction with the steam
thaw tests for accurate evaluation of the soil aud ice conditious present,

¢. Steam Thawing, - It is recormended that steam thawing ex-
periments be carried out in 1956 in accerdance with tie plans ariginally
drafted for 1955,

d, Study of Natwral Thawing In Excavated Areas. ~ It is recom~

mended that examiration be made of the permafrost materials which have
been exposed to sumrer thaw in past seascns by borrow excavaticns, both
in the TUTO area and in the Thule &ir Ferce Base area, Evaluations
should be made of tie tire regquired for newly thawed materials to become
sufficiently dry for use as fill, of pit drainage requirements, and of

tihe rate of thaw penetration with depth in newly expcsed permafrost.
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16¢ VIORK OUTPUT STUDIES. = An impartant part cf the development

of methods and techmiques far the construction of roads in the TUTO

avea iz tne analysis of equipment and man power needs for a particular
Jobe In 1955 a careful record was kept of equipment perfarmance, time
requirements, man power, etc. Such records should be repeated for all

construction of this nature in 1956,
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ESTIMATED CCETS FOR FROPOSED
TIG56-1957 PROJLGT 1 PROGRAN

o’ -

Salaries based on Civil Rates including 17% for leave fund,

The number of perscnnel in the Fieid Staff has been planned
to be aufficient to undertake a vclume of work approximately
equal to that completed in the 1955 program, If the entire
proposed program for 1956-1957 were undertaken, including
core boring, steam-thaw experiments, melt water volume
studies, borrow methcds studies, etc., two additional members
should be added to Field Staff.,

1 = G5~7 (ingineering Aide)
1 = G5-5 (Engineering Aide)

The fcllowirg costs should be added to 01 Funds

1956 FnIo -.?1, 825
1957 FoY, L, 560

The following costs should te added to 99 Funds

1955 Fo.¥s %. 560
1957 F.Y. 1,050

Ho allouvance nas been made for spare parts for repair and
maintenance of squiprient, Approximately ,25,000 might be
required for tnis item,

(L) A drill riz with 3 men for 4 weeks would cost appro:imately

.5,00C if no new equipment were purchased,
Alternate 1 represents estimated cost witiiout amounts involved

in items (2), (3) and (L) cbove. Alternate 2 represents total
estimated costs includiig above items.
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Surmary ~ Alternate 1

1956 Fiscal Year

0l Funds ~
Preparation Period 5,820
Preliminary Field Trip 973
Field Period 8,055
10% Contingency 1,L685
99 Funds -
Total
1957 Fiscal Year
0l Funds -
Field Period 22,L60
Report Period 11,603
10% Contingency _1,160
99 Funds -

16,350

10,000
26,350

35,223
J6.120

Total  L41,3L43

say

11,350

—— —_—n

Grand Total ¢, 67,700

Dag
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Summary of Complete Costs
for Ertire Propcsed Program

i bl

Alternate 2
1956 Fiscal Year
01 Funds 18,150
99 Funds 11,620
Spare parts, etc, _5,000
35,070
1957 Fiscal Year
0l 'unds 42,500
99 Funds 7,690
Spare parts; etce 20,000
DrillRg 5,000
12,220
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01 Funds ~ Fiscal Year 1956

Preparation Period

1l - Gs-11
1l -G89
1~ Gs-5
1~ G653

1 - GS-1k
1l - G5-13

(Project Superviser) 16 wke 3 305,2 wks
(Assistant) 8 wks 3 251/2 vkr,
fassistant) L wks @ 170/2 wks
(Draftsman) L wks 3 147/2 wks

(Administrative Super.) 2 wks 2 L87/2 wks
{Administrative Super,) 2 wks & L425/2 wks
10% Overtime

6% Division Overhead
Total

Preliminory Field Trip 1 - 15 Hay

1 « GS=11, 2 wks @ 305/2 wks

2 wks @ 251/2 wks

Overtime 92 hrs @ 2,93/hr

Field Pariod

1 - GS=12
1 - GS=-11
1 - GS-11
1l = GS~7
1 = GS=5
1l - GS-5
1 - GS-5

Overtime

A% Division Overhead
Total

(Project Engineer) 4 wks @ 350/2 wks
(Ass'te Proj. Enge) L, wks @ 305/2 wks
(Construc, Super,) i wks @ 305/2 wks
(Test Technician) L wks @ 209/2 wks

(Surveyor) i wks @ 170/2 wks
(Surveyor) It wks @ 170/2 wks
(Instrument man) L wks 2 170/2 wks
LLY hrs & 3,93/hr = 1,745
1L8 nrs @ 3.27/hr = L8k
4Ly hrs @ 2,6L/mr = 1,172
255 Overseas Differential
Total Field
6% Divisicn Overhead
Toizl
Total

10% Contingency
Total 1956 Fiscal TYear Ol Costs

Dy

305
251
362
918

700
610
610
418
3Lo
340

3,358

3,L01

8LO

7,599
L56

redate bont e d il acne o b L

@ 913

» 8,055

e
1 1

715.333
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99 Funds - Fiszcal Year 1956

Travel (Preparation Pericd) 300
Per Iiem (Preparation Period) 150
Travel (to Field) 1,000
Per Diem {in Field)
g rmen 1l days hﬁh
men 30 days 1,440
1,524
Procurement:
Test Equipment
Thermacouples 800
Radiation ileasurements 2,000
Miscellanecus 1,000
Culverts . 1,000
Timber, lumber, etc, 1,000
‘iscellaneous (Camera film,
ete. ) 200
Shipping Costs 200
10% Contingeney
Total

D=5

9,17

917

10,091

X Dol

i

e
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01 Funds = Fiscal Year 1957

Ficld Period

1 - 05-12 (Project Engineer) 10 wks 9 350/2, wks.=.13750 = _,

1 - 6S-11 (Ass't., Projs Eng,)10 wks 3 305/2 wks = 1,525
1 - GS-11 (Construc. Super,) 10 wks 3 305/2 vks = 1,525
1 - GS-=7 (Test Technician) 1G wks @ 209/2 wks = 1,0L5
1 = GS5=5 (Surveyor) 10 wks @ 170/2 wks = 850
1 -~ G5=5 (Surveyer) 10 wks € 170/2 wks = 650
1 - 05«5 (Surveyor) 10 wks & 170/2 wks = _ 850 .395
239
Overtime 1110 hrs 3 3.,93/hr - }4,362
370 hrs @ 3.,27/hr = 1,210
1110 hrs @ 2,64/t = 2,930
8,502
25% Overseas Differential on 8,395 = 2,099

187
425
582
700

1 -~ GS-1l; (Consult. Super.) 2 wks & L8T/2 wka
1 - 0S-13 (Consult. Super,) 2 wks & L25/2 wks
Overtime for above ~ 1i8 hrs 2 3.93

Congultant 2 weeks 3 ,50/day

é% Division Cverhead 1,270

Report Period

1 - GS-11 (Supervisor) 18 wks 3 305/2 wks = 2,7u5
1 - GS-9 (kissistant; 16 wks & 251/2 wks = 2,259
2 = 0S-5 (Computers) 18 wks & 179/2 wks = 1,530
1 - GS-3 (Draftsnan) 18 wks ¢ 1L7/2 wks = 1,323

1 - GS-1i (admin, Super.) 3 wks 3 L87/2 wks = 730
1 - GS-13 (Admin. Super.) 3 wks @ L,25/2 wks = _ 637
9,22L
10% Overtime 922
Reproduction of Repert 800

— 10,9u8

6% Division Overhead €57

L]

Total -
105 Contingency =
Total 1957 Felo, 01 Costs =

11,603

34,063
1,160
#37,223




99 Punds - Fiscal Year 1957

Travel (from Fiesld) 800 l
Per Diem (in Field) l

8 men 68 days 2 ,6/day 3,264

Travel (Eepart Period) 200
Per Diem (Report Period) 100
Shipping Costs 200
Laborator; Tests 3,000

5,564

10# Contingency _ 556

Total & 6,120

D-7




